Children with unexplained problems in their development can be referred to genetics clinics; the number having such referrals is increasing as new technologies enhance the number of genetic variations that can be identified. From the perspective of the child and their family, this raises a number of issues social science research can help us to understand. In particular issues such as understandings of kinship; feelings of parental responsibility; the uncertainties involved in diagnosis, and the different ways the child is visualised through the stages of diagnosis. As new generation sequencing enters the clinic it is important to consider how what happens to children and their families may both change and stay the same.
Introduction:
Children born with a range of developmental problems and unusual physical characteristics, but no clear diagnosis, are increasingly referred to genetics clinics. The diagnostic process begins with dysmorphology (the visual analysis of the child's body aimed at identifying 'abnormal' features) and explorations of family history. It then moves on -over time in a process geneticists refer to as 'watchful waiting' -to analyses of the child's (and sometimes parents') blood. These clinical investigations are not for single gene disorders (such as Downs Syndrome) which are well established, instead paediatric genetics explores less established associations between variations within (deletions) and across (translocations) chromosomes and problems in childhood development. Some of the associations have become established enough to be given a name, others are only referred to via the pattern of chromosomal difference found (for example, '2q37 deletions'). The variations identified can either be inherited or new (referred to as de novo). It is not unusual for the diagnostic outcome to be ambiguous, either because no genetic factor is identified, or because the trait identified does not link to a clinical pathway of treatment or provide a clear indication of what the future holds. The increase in referrals is linked to significant advances in genetic science that have occurred in the last two decades, advances now taking another step forward with the gradual emergence of next generation sequencing (NGS) into clinical practice. See also: DOI: 10.1038/npg.els.0001880; DOI: 10.1002/9780470015902.a0005622.pub3
Social science research has an important role to play in understanding the experiences of families who have a child referred to a genetics clinic. It can help us understand the social and cultural factors that influence people's engagement with it. The central thread across different research is that the process is not a purely medical one; it is also deeply social. This is because people's responses to genetic investigation are influenced by their culturally located understandings of family, by their social contexts such as the care needs of the child, and by their material concerns for what the future holds for their child. In this paper I will highlight important themes within social science research, including my own, which have studied genetic investigations. Understanding better what informs how families respond and what dilemmas they face can help genetics professionals work with them in what can be a challenging process. The paper focuses on 3 themes: what meaning is given to diagnosis, varied understandings of kinship, and the significance of visual techniques within the diagnostic process. The final part of the paper will discuss early findings emerging from social science research of NGS in the paediatric genetics clinic. First, a methodological note about how this research is undertaken.
A Methodological Note
The majority of the social science research in this area is pursued using qualitative methods that enable a focus on depth and meaning over generalisability. Weight can still be given to the relevance of this research for clinical practice due to the similar themes that emerge across different studies. My own research draws from ethnographic practices of anthropology, but similar approaches are taken in the other studies discussed here. In particular, I and others use non-participant observation (this means that the researcher is present but does not participate in the clinical consultation) to capture the detail of the dynamic between geneticist, child patient and other family members. Some researchers also videotape consultations to allow for close analyses of the interactions. The research can also involve a longitudinal element, following the child and family over time. This is particularly important given that diagnosis is rarely immediate, taking repeat consultations and testing to establish a possible answer. Alongside, most studies will include (or at times only involve) interviews with the different actors involved. This can include children (the child referred and/or siblings). Work with children often makes use of specific techniques, such as the child making a journal about their family, to help the process be more meaningful and understandable to them. Figure 1 below is an example of the front cover of a journal made by a young participant in our study. Finally the research data can also involve access to medical records, such as letters explaining a diagnosis. To analyse this range of qualitative data researchers draw from varied conceptual resources, in particular:
 anthropological and sociological work that looks at how family and kinship ties are culturally and socially formed;
 medical sociological work about the social practices involved in diagnostic processes, the organisation of health care, and professional identity;
 disability studies work on the social production of disability and the medical categorisation of differences in body functionality and appearance.
What a Diagnosis Means
Parents agree to a genetics referral in order to gain a diagnosis. This may seem obvious, but it is important to understand the varied reasons that influence their quest to obtain one. The reasons can include:
 providing an explanation of why their child is not developing well;
 gaining an indication of what the future holds for their child;  advice on useful medical treatment;  obtaining a medical category to help their attempts to receive support for their child from formal support agencies;  helping them make future reproductive choices.
What is notable about the list is that several factors are oriented towards fixing social problems. Parents, particularly mothers, in our study spoke about wanting a diagnosis in order to stop the questions about what was wrong with their child (McLaughlin and Clavering, 2011) . The questions mothers can be asked, by both people they know and strangers in the public sphere, can take the form of blaming the mother for their child's problems (for example, 'why can't you control your child?'). Mothers hope that by being able to give a medical explanation they can avoid such public scrutiny. They also hope that this explanation (much like the popular 'I'm not Naughty I'm Autistic' T-Shirt) will also help their child avoid stigma and discrimination. Seeing diagnosis as a key to getting support for their child speaks to the challenges parents face obtaining appropriate help from medicine, welfare, education and other public bodies. A common theme in research with families with a disabled child is the 'fight' they face to get help; therefore, the hope is that a genetics diagnosis will provide legitimacy to their demands and be a key to unlocking services (McKeever and Miller, 2004; McLaughlin et al., 2008) .
How parents respond to a diagnosis -if they receive one -is bound up with the reasons they seek one. From the geneticist's point of view what they are faced with when examining a child with unexplained unusual development traits and physical features is a puzzle. In our work with geneticists and in the genetics literature the common language is that of a puzzle, with the close examination of the child, the taking of the family history, and the varied techniques for examining bloods, providing the clues to aid them solve it. This is understandable given the complexity of making clinical interpretations from the varied pieces of information in front of the geneticist. However, what this also means is that their approach to diagnosis is very different from that of parents. In our study this came across most clearly when diagnoses were provided and communicated to parents (McLaughlin, 2013) . Parents spoke of admiring the science that lay behind what the geneticist was able to explain and appreciating having a name (or set of numbers and letters), but equally they spoke of frustration. They stressed that what they needed was something that explained what the future held, but for the most part, because of the rarity of what had been found, or the variety of symptom associated with the genetic variation, or because this was a relatively newly identified variation, this was the one thing the geneticist could not provide. For parents this meant that what geneticists classed as a diagnosis did not feel like a diagnosis to them. A finding that did not come with pointers to treatment or what the future held, was not for them a finding. As other research on paediatric genetics has pointed out it is 'a field of uncertainty' (Latimer, 2007: 99) , which families and geneticists must work together to make sense of (Katie Featherstone et al., 2006b) . See also: DOI: 10.1002/9780470015902.a0024172
Aspects of Kinship
First consultations often involve taking a family history, this is the first pointer to the investigation drawing kinship relations into the process. A key theme across studies on paediatric genetics is the co-existence of biological and social understandings of family (Featherstone et al., 2006a; Fitzgerald, 2008; Latimer, 2013) within the diagnostic process. As Atkinson et al. (2001: 21) argue 'The 'natural' facts of biological relations and the 'social facts' of kinship are brought together through the everyday work and talk of specialists'. A family's history is used by geneticists to see if there is any pattern of health problems in the family that could help them solve their puzzle. Therefore the family 'pedigree' is a picture of the biological connections between individuals and the patterns of ill heath they share. As Featherstone et al. point out: 'The family-in-thelaboratory is constructed through successive iterations of biological testing and the tracing of shared physical characteristics ' (2006a: 41) . This is a very different understanding of what family means for people generally. Social anthropology (Carsten, 2004; Carsten, 2000) and sociology of family (Morgan, 1996) have done much to show how people live with a range of understandings of what family is. They may draw from biology to explain who is their kin, but they also are influenced by cultural understandings that can bring others into their conception of who counts as family (sometimes referred to as 'fictive kin' (Weeks et al., 2001) ), while at the same time placing others who are biologically related outside. This understanding of family produces a range of responses to the questions raised about family relationships within the diagnostic process.
It can be disquieting to find family histories, which previously had been surrounded by secrecy or sorrow, opened up to scrutiny. One mother in our study spoke of being unable to go back in her family history beyond her own mother, because her mother's parents had both killed themselves. This was a painful history that neither she nor her mother wanted to return to (McLaughlin and Clavering, 2011) . Another mother refused to contact her estranged father to see if he would be willing to give blood to help the investigation; this was because maintaining the broken social tie to her father was more important than establishing the character of the biological tie between grandfather and child (McLaughlin, 2015) . The biomedical focus of the geneticist can also run counter to the way in which people value their familial ties. Inherited genetic traits often run down the maternal or paternal line. This can generate a variety of issues. Mothers in particular can feel a sense of guilt or responsibility if the trait has come through their blood line. One mother spoke about how she had keep her child away from her biological kin whose behaviour and attitudes she found problematic (toxic was the word she used). She therefore found it very upsetting to be told that her child's problems had been passed down the maternal line (McLaughlin, 2015) . From her perspective all her work to protect her child had been undermined because a permanent connection had been made between her son and her biological kin that she could not remove or repair. This is a key reason why a de novo explanation is often preferred as it alleviates this sense of guilt (Dimond, 2014a) . Indeed one of the forms of 'moral labour' geneticists do when communicating a de novo explanation is to stress that it means that parents should not blame themselves, either for passing this on, or doing anything in the pregnancy that could have contributed to the problem (Featherstone et al., 2006b ).
However, this does not mean that parents always experience being told they are not the source of a child's problem positively. We were powerfully struck by the hurt one father felt at not being included in his daughter's family pedigree ('I wasn't there'). The reason he was not included was because the geneticist was sure the issue lay in the maternal line. In response the father stressed the ways in which the daughter did take after him (McLaughlin and Clavering, 2012) . For example, he spoke of both of them being short, even though short stature was something the geneticist was associating with the maternal trait they were investigating.
A final aspect of the complex relationship between different understandings of family and people's responses to genetic investigation is the importance of notions of similarity and difference to the formation of kinship ties. While a geneticist looks for patterns of difference to support a diagnosis of genetic mutation, these same traits of difference can, from the family's perspective, be something they share and which makes them similar. Strangely shaped ears or particular behavioural traits can be an indication of belonging and with that normality. One young girl was told she had the same genetic trait as her mother, which was the reason both had learning disabilities. She explained to us that this made her happy, because it meant they 'were the same'.
Visualising the Child
Medical sociology has a long term fascination with the role of the visual within medicine. Whether this be the medical gaze, which Foucault (1975) argued established the power of the clinician, or new debates about the move from gazing on the body, to gazing on the digital representation (Navon, 2011) . Work on paediatric genetics is an important field where debates about the significance of the visual in contemporary medicine are being played out (Featherstone et al., 2005; Verhoeff, 2012) .
The child is visualised in a number of ways across genetic investigations. First is the very close physical examination by the geneticist, something which can happen repeatedly as the child gets older. Second, photographs are taken to study the child over time and for geneticists to share with others in research papers or in clinic group discussions. Third, are the computer generated images of chromosomes and genes that geneticists produce to help their diagnosis and to communicate that diagnosis to parents. These different visualisations become embedded with varied meanings. Geneticists work very carefully to try to ensure that the close examination of the child does not make the child or other family members present feel uncomfortable. As Latimer (2007) argues there is a strong recognition that this process could objectify the child and emphasise the sense that they are different. This can include other family members present, we have witnessed other family members examining themselves as geneticists point out webbed fingers or unusual head sizes. Geneticists try to minimise objectification by the way they talk to the child, asking for their approval to do the things they are doing, by often getting down on their hands and knees to be at the height of the child, rather than make the child sit on a bed. They also speak in everyday language and stress all the things they see in the child that are 'normal', alongside stressing how much we all have genetic variation within us. Nevertheless it is hard for the parents to not see the process as one that turns their child into an object of medical curiosity and this feeling can grow over time if no diagnosis is forthcoming (McLaughlin and Clavering, 2012) .
The internet is full of images of children with particular genetic traits. Geneticists often warn of the risks of looking on the internet, but as with other health conditions, it is inevitable that people turn to the internet when a possible diagnosis is raised. It is the images they find of other children that generate the strongest reactions, sometimes positive, sometimes negative. Seeing a clinical history linked to a child who looks very much like their child can give a sense of certainty to what the future holds for their child (Whitmarsh et al., 2007) . If the history is positive this can be very reassuring, if it is negative it can be deeply worrying. In addition, physical similarity is something culturally significant to senses of connection and belonging. This is why parents can be reassured by seeing pictures online of children who look like their child. Parents talked of finding new communities of belonging through the visual recognition they saw in virtual displays.
As noted above as the diagnosis progresses the gaze moves from the child to computer diagrams of chromosomes and genetic markers. A common theme in social science research is that genetics represents the 'geneticisation of life' (Finkler, 2001; Novas and Rose, 2000) . Computer generated images of DNA are seen as evidence of that process, replacing the living body with a representation; a representation which is more important to diagnosis. This led Raspberry and Skinner (2007) to ask: are we moving to a point where the body becomes text? The concern of researchers is that a child can be diagnosed with a disorder due to how a diagram is read, rather than the existence of symptoms of illness. Buchbinder and Timmermans (2011: 57) have spoken of such diagnoses as 'ontologically disputed borderline forms of disease ' and Featherstone et al. (2005: 557) refer to them as 'genetic syndromes… in the making'. Another concern is that the interpretative skill of the geneticist to connect family histories, to the clues displayed in the body, and to biochemical analyses will become less important than what the DNA diagram appears to indicate. We seem some way from these concerns becoming a reality.
Parents know a diagram is not their child, they can find a fascination with it and the odd sequence of numbers and letters it displays, but this does not mean it carries the same meaning as their living child (McLaughlin, 2013) . The disorders these diagrams display are so rare and uncertain in meaning that it is also difficult to see how on their own they can create disorder where there is none. Indeed parents in our study spoke of their frustration that when they shared a diagnosis with others, either family, or other medical professionals, that it meant very little to them. As a result they often went back to using phrases such as 'global developmental delay'. Family members, including the child themselves, as other researchers such as Dimond (2014b ), Fitzgerald (2008 ), Latimer (2013 and Raspberry and Skinner (2007) have argued, are not passive dupes straightforwardly absorbing genetic understandings of family; instead they are involved in exchanges across different understandings and values. Finally, we also seem some way off from the geneticist becoming an unskilled production worker relaying what the biochemical analyses and complex computations have produced as 'the answer'. Interpretative skill remains at the heart of the 'diagnostic odyssey'. Arguments about the loss of clinical professional skill also miss an important part of the geneticist tool kit, which the research of Featherstone et al. (2006b) capture very well. They argue that geneticists perform 'moral labour' when their communication approach emphasises the normality of the child and the lack of responsibility parents should feel, regardless of whether an inherited or de novo trait is found. Whether we should remain sceptical of the diagram's capacity to replace both the child and the geneticist from diagnosis depends a great deal on what happens when NGS becomes the norm in the paediatric genetics clinic.
New Generation Sequencing
NGS is the next advance in genetic investigation (Anderson et al., 2017; Biesecker and Green, 2014) . It is a variety of techniques that enable closer and broader analysis of the human genome, meaning that a far greater number of variants in any one person can be identified. As the majority of Global North countries commit to bring NGS into healthcare delivery, a range of social and ethical dilemmas are being raised (ACMG, 2015; Anderson et al., 2017; Sabatello and Appelbaum, 2015) ,. So far the main technique being used is exome sequencing, this focuses on 'the protein coding regions that constitute only one per cent of the human genome, but harbour the deleterious variants that cause the vast majority of Mendelian diseases' (Skinner et al., 2016 (Skinner et al., : 1303 Stivers and Timmermans (2017) , in a study of families receiving a diagnosis that was a result of exome sequencing, found that parents experienced a similar pattern of fascination with the technology, while simultaneously feeling disappointment about what it could tell them that could be useful for planning for the future and battling with services. Given NGS will be finding new traits with little or no clinical history associated with them for some time, the dynamic of uncertainty and ambiguity families currently face is unlikely to diminish, indeed it is more likely to increase. This points to one of the key debates regarding NGS: what value does identifying a particular genetic variant need to have to warrant its disclosure (Wouters et al., 2017) ? Ethicists and geneticists are particularly exercised by what constitutes utility; not only which form of utility is it that matters -clinical or social -but also what constitutes clinical and social utility in the first place (Bush, 2014; PHG Foundation, 2011) . There is also much discussion of whose interests should inform disclosure -the best interests of the child or their broader family, or both (Kleiderman et al., 2014) ? Stivers and Timmermans also found, as is the case now, that interpretative skill remains central to the diagnosis process -not only the interpretative skill of the individual geneticist, but also the community of geneticists who are drawn into the investigation. Finally, they argue that the geneticist still needs to have the communicative skills to respond to parental feelings of responsibility. Skinner et al. (2016) have also undertaken a study of a clinic using exome sequencing, finding similar themes about the continued role of interpretative and communicative skills in the interaction between geneticist, child and other family members. They argue that a high level of interpretative skill remains, with considerations of family history still playing a role in judgements about whether a variation found can be clinically significant. They also stress that continued uncertainties remain, both in terms of what the meaning and value of the traits found are, and also that a significant number of families will leave still with no diagnosis. They argue that geneticists manage the risks of negative diagnosis by stressing that it leaves open the possibility that in the future a diagnosis may become possible, they simply haven't found it yet, as such 'the negative result becomes a referent not only for uncertainty but also for the potential of future definitive outcomes ' (2016: 305) .
Conclusion
Paediatric genetics is a complex space where social and medical worlds come together to shape meaning. It is also a space where significant uncertainty unfolds both in attempts to diagnose a child and to take meaning and action from anything found. Parents and children are active participants in the processes, working with geneticists to share relevant family histories and making sense of a diagnosis. The relationship between geneticist, patient and family remains important; with the geneticist required to enact a range of both interpretative and communicative skills. The introduction of NGS will change some of these interactions and relationships, but we seem some way off from uncertainty being lost and genetics defining who we are over other understandings of what makes us normal or different as an individual or as a family.
